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ABSTRACT 
Nanomaterials had attracted much attention since their discovery with their unique structure, peculiar physical, 
chemical, mechanical properties and potential application prospects. In the past few years, the theoretical and 
experimental research on biological nanomaterials has become the focus of attention, especially the biochemistry, 
biophysics, biomechanics, thermodynamics and electromagnetism of nucleic acid and protein, while its intelligent 
composites have become the forefront of life science and materials science. At present, nano-bio-chip materials, 
biomimetic materials, nano-motors, nanocomposites, interface biomaterials, nano-sensors and drug delivery systems 
have made great progress. In this paper, the characteristics of these materials, research and development of the 
application were reviewed, a brief overview of the nano-materials in the life sciences of the main applications, and to 
explore the development prospects of biological nano-materials.
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Preface
The structure of nanomaterials is at the transitional junction of atoms or molecules which consist of a few 
atoms or molecules. Nucleic acids and proteins are important nano-components that perform life functions and are 
the best natural biological nanomaterials. These components formed a complex interaction and perfect biological 
world. The study of biological nanomaterials involves not only the structure and function of genes and proteins, 
including their recognition, binding, phase change, the release of specific factors, the generation and conduction 
of bio-electrochemical signals, biomechanical, thermodynamic properties and involve in the development of new 
technologies. Biological nanomaterials can be divided into four categories: (1) natural nanomaterials; (2) biomimetic 
and synthetic nanomaterials; (3) intelligent nanocomposites; (4) synthetic nanomaterials and living cells materials or 
tissue engineering nanomaterials. Although many fundamental issues are still unclear, research and development of new 
materials with biological and nanotech characteristics has made great progress.
1. Introduction to nanomaterials
Nanometer material refers to the crystal grain size or multilayer ﬁ lm modulation wavelength of nanometer (nm) 
of the polycrystalline material. Since the mid-80s of this century, there were new researches and developments each 
day. The structure of nanomaterials is at the transitional junction of atoms and molecules which consist of a few atoms 
or molecules. Its particles have a shell structure, the surface layer of atoms accounted for a large proportion and is 
disorderly gas-like, and there are ordered - disordered structures within the particle. Unlike the complete long-range 
ordered structure of the lamellar matrix, the particularity of the structure of the nanoparticles makes them to have many 
special properties diﬀ erent from those of the traditional solid materials and become a hot topic in the ﬁ eld of materials 
science. Scientists hailed nanomaterials as the most promising material of the 21st century.
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1.1. General characteristics of nanomaterials
1.1.1 Small size eﬀ ect 
When the size of the ultraﬁ ne particles is equal to or smaller than the physical characteristics of the wavelength of 
the light wave, the De Broglie wavelength of the conducting electrons, the coherence length of the superconducting 
or the depth of the transmission, then the periodic boundary conditions will be destroyed, so the sound, electricity, 
magnetic, thermodynamics and other characteristics will show a new small size eﬀ ect. By using nature of the change 
of the plasma resonance frequency that can shift the particle size, you can change the particle size to control the 
displacement of the absorption side, and produce microwave with a certain frequency of absorption materials, use for 
electromagnetic shielding, stealth aircraft and many more.
1.1.2 Surface and Interfacial Eﬀ ects
This efficiency means that the ratio of atoms and total atoms on the surface of the nanomaterials increases 
signiﬁ cantly as the size of the nanoparticles decreases. So, the surface energy and surface tension can also be increased. 
The surface energy of the surface atoms of the nanoparticles is diﬀ erent from that of the internal atoms. There are many 
dangling bonds, which are unsaturated properties, easily bonded with other atoms, and have high chemical activity and 
electrochemical activity.
1.1.3 Quantum size eﬀ ect
When the size of the particle is as small as a certain value, the electron energy level near the Fermi level of the metal 
can change from quasi-continuous state to discrete, the discontinuous highest occupied molecular orbital and the lowest 
unoccupied molecule for the nanocrystalline material, the energy level of the orbit is widened, and this phenomenon 
is called quantum size effect. This effect makes the nanomaterials to be catalytic, light, heat, magnetic, electrical, 
superconductivity and other characteristics, and signiﬁ cant diﬀ erences in macro characteristics.
1.1.4 Macro quantum tunneling eﬀ ect
The ability of microscopic particles to penetrate energy barriers is called tunneling. Some macroscopic quantities 
such as magnetization, magnetic flux, etc. also have tunneling effects. The magnetization of ultrafine particles and 
the magnetic flux in the quantum coherence also have the quantum tunneling effect. This phenomenon is called the 
macroscopic quantum tunneling eﬀ ect. Its research establishes the limits of further miniaturization of microelectronic 
devices, and is the theoretical basis for the future research and development of microelectronic devices.
1.2. Characteristics of nanomaterials
1.2.1 Mechanical properties
High toughness, high hardness and high strength is the development and application of structural materials, the 
classic theme. The strength of the material with nanostructures is inversely proportional to the particle size. The 
dislocation density of nanomaterials is very low, and the dislocation slip and proliferation are in accordance with the 
Frank-Reed model. The diameter of the critical dislocation circle is larger than that of the nanocrystalline grains, and the 
average spacing of the dislocations. So, the dislocation slip and proliferation in the material will not occur, which is the 
nanocrystalline strengthening eﬀ ect. Cermet has been a tool material for more than 50 years, and its mechanical strength 
has been diﬃ  cult to improve greatly due to the mixed sintering of the cermet and the coarse grain. Application of nano-
technology made of ultra-ﬁ ne or nano-grain materials, its toughness, strength and hardness had increased signiﬁ cantly. 
So, it is diﬃ  cult to process materials such as cutting tools occupy a dominant position. The ceramics, ﬁ ber widely made 
by nano-technology had been used widely in aviation, aerospace, navigation, oil drilling and other harsh environments.
1.2.2 Magnetic properties
The magnetic properties of the nanoparticles are singular superparamagnetism, high coercivity and magnetism.
The magnetic recording density of the contemporary computer hard disk system is more than 1.55 Gb/cm. In this 
case, the magnetic induction eﬀ ect of the sensing head and the common permalloy magneto-resistive magnetic head 
is 3%, which cannot meet the requirement, and the nanometer multilayer’s giant magneto-resistance effect of the 
membrane system is as high as 50% and can be used for information storage of magneto-resistive read heads with very 
high sensitivity and low noise. The current giant magneto-resistance eﬀ ect of the read head can make the disk recording 
density increased to 1.71 Gb/cm. At the same time, the magneto-resistance of nanometer giant magneto-resistance 
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material is most linearly related to the external magnetic ﬁ eld, so it can also be used as a new type of magnetic sensing 
material. The composite nanometer material has good transmittance to visible light, the absorption coeﬃ  cient of visible 
light is much lower than that of traditional coarse crystal material, and the absorption coeﬃ  cient of infrared band is at 
least three orders of magnitude lower than that of traditional coarse crystal material, and the magnetic ratio of FeBO and 
FeF transparent body is at least one order of magnitude, which in the magneto-optical system, optical materials have a 
wide range of applications.
1.2.3 Electrical properties
Due to the increase in the atomic volume fraction at the crystal interface, the resistance of the nanomaterials is 
higher than that of the coarse-grained materials, and it can even cause the size-induced metal-insulator transition (SIMIT) 
to occur. Nanometer electronic devices made by tunneling quantum eﬀ ect and Coulomb jamming eﬀ ect of nanoparticles 
have the characteristics of ultra-high speed, ultra-capacity and ultra-miniature low energy consumption. It is possible to 
replace the conventional semiconductor devices in the future.
1.2.4 Thermal properties
The speciﬁ c heat and thermal expansion coeﬃ  cients of nanomaterials are larger than those of homogeneous and 
amorphous materials. This is due to the fact that the interfacial atomic arrangement is chaotic, the atomic density is low 
and the interface atomic coupling becomes weak. So it has wide application prospect in the application of mechanical 
properties of heat storage materials and nano-composites.
1.2.5 Optical properties
The optical properties of nanomaterials are mainly spectral mobility, optical absorption, optical luminescence and 
optical catalysis. The optical migration is the blue shift or red shift of the light emission peak of the nanometer material, 
and the particle size of the nanoparticles is much smaller than the wavelength of the light. While for the incident light 
interaction, the permeability can be controlled by the diameter and porosity which can be precisely controlled, widely 
used in light sensing and optical ﬁ ltration. Due to the quantum size eﬀ ect, the absorption spectra of nanocrystalline 
micro-particles generally have a blue shift phenomenon, and their light absorption is very large, so it can be applied 
to infrared sensor materials. The nano-absorption is mainly manifested in the non-transmissible and non-reflective 
properties of the nanomaterials. In the appearance of metal, the nanoparticles have a large particle size, and the color 
of the nanoparticles is dark, small, tend to black, and the smaller the particle size of nano, the greater the degree of 
black color. The luminescent properties of nanomaterials included both photoluminescence and electroluminescence. 
The optical catalysis of nanomaterials is mainly manifested in the fact that nano-use of natural light can catalyze the 
pollution of organic compounds, resulting in non-toxic, odorless carbon dioxide, water and some simple compounds.
In addition, there are enhanced toughness, hydrogen storage properties and lubrication properties.
In conjunction of all mentioned above, the nano-materials have special optical, mechanical, magnetic, electrical 
(superconductivity), chemical (electrochemical), catalytic performance, corrosion resistance and special mechanical 
properties such as wear, shock absorption, giant elastic modulus and so on. It has aroused the attention of scientists in 
physical condensed matter science, chemical and materials science, it acts as a new material, showing a seductive, broad 
application of the future.
2. Nanomaterials in life sciences
Control aspects of modern materials science are a continuous progress in the sub-micron and nano-level, making the 
manufacture of functional properties with a certain possible material. At the nano-scale level, biomaterials show new 
features. The crossroads between materials science and biology have become a new research frontier.
2.1. Biochip material
Biochip is a developing technology that has a signiﬁ cant impact on genetic diagnostics, drug discovery and basic 
research, and its development depends on biological nanomaterials. Its main advances include two aspects. First is the 
application of nanocomposites in biochip preparation, enhancing the static and dynamic adhesion between nucleic acids, 
proteins and substrates, and promoting miniaturization, high resolution and versatility. On the other hand, biochips have 
broadened its range of applications, such as high-throughput screening of active ingredients of botanical drugs, cancer 
and other clinical diseases, as sensors for intracellular signals. Combined with microelectronic magnetic technology, 
biochips have been used in single cell isolation, single gene mutation analysis, gene ampliﬁ cation and immunoassay. 
The cells that are automatically addressed under the action of electric ﬁ eld are also successfully developed for gene 
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function research and protein subcellular localization, and can be used to monitor the transient expression of genes and 
proteins [2].
2.2. Nano biomimetic materials
The research of nano biomimetic materials is focused on mechanical deformation, microstructure and function. It is 
helpful to clarify the biochemical process, mechanical deformation and motion of biological nanomaterials to contribute 
in the design and manufacture of biomimetic materials. For example, the structure of nut shells, their shape combines 
the best material properties. In terms of function, both protect the seeds against the outside world, while ensuring that 
the seeds can come out of the shell during germination. Further studies have shown that this is due to its presence in 
the presence of 10-20nm diameters of calcium oxalate salts in monolayer molecular crystals. The functions of this bio-
mineralization layer may be: (1) the storage of large amounts of calcium to meet the requirements of the cell capsule; 
(2) to enhance the mechanical properties of the organization, against the destruction of the invasion of the outside 
world. The nut shell provides an eﬀ ective mechanism for the excess calcium treatment with periodic intervals, and has a 
promising application in biomimetic material design.
The spider is a family of silk proteins. This silk has evolved over thousands of years and its structure has been 
optimized. This wire has a balanced hardness, strength and ductility, and has been used as a probe for atomic mechanics 
microscopy. Recombinant spider silk has been used as a spinning ﬁ ber. The biomimetic mineralization process of silk 
ﬁ bers has been used to make special functional biocomposites.
Magnetic bacteria can control the bio-mineralization process of magnets. Each bio-magnetic molecule is wrapped in 
a layer of ﬁ lm, arranged in a chain and magnetic poles formed in the cell. The diameter of the magnetic particles in the 
range of 50-100nm, each cell has about 10 magnetic molecules. These bio-magnetic molecules have a single magnetic 
pole and in the liquid has a super-dispersion characteristic. It can be used for immunoassay or diagnostic chips.
2.3. Biological nano motor
Biological motor molecules are also known as nanometer machines. They play an important role in muscle 
contraction, cell movement, diﬀ erentiation, vesicle transport, signal transduction, DNA replication, curl and translation. 
Motor molecules are mainly divided into actin networks, kinesin and dynein super families and proteins that interact 
with DNA. By ATP hydrolysis, chemical energy can be converted into mechanical energy, resulting in motor molecular 
conformation changes, causing motor molecular motion. The detailed structure of these motors and their trajectories 
has been studied in detail, but the biomechanical mechanism of motor molecules is still unclear. Research in this ﬁ eld 
contributes to the development of nanometer power.
2.3.1 Actin network
Actin network plays a synergistic role in cell motility. Actin binding proteins and their regulatory role in the 
cytoskeleton during cell motility have been studied. The study shows that the mechanical behavior of the cells has a 
surprising anti-mutation ability. Three actin regulatory proteins are knocked out and do not alter phenotypic behavior 
such as cell shape and cell motility. This phenomenon can be explained by the principle of elasticity, because the 
crossover part of the knockout makes actin network softening can be enhanced by F-actin function and to compensate 
overall volume reduction.
2.3.2 Kinesin motor
Kinesin is a linear two-headed motor that acts as a transit by moving vesicles along the microtubules within the cell. 
Each head of kinesin consists of a heavy chain with an ATP binding domain and a light chain with motion vesicles. The 
two light chains form a coiled portion of the coiled coil. The kinesin molecule moves along the microtubules one step at 
a distance of 8 nm while consuming an ATP molecule to hydrolyze the energy provided. A mechanical force of about 5-7 
pN can prevent the movement of kinesin molecules. Kinesin's motion rate decreases linearly with increasing application 
load. Kinesin's two tubulin binding regions are normally separated by about 5 nm. To achieve a distance of more than 8 
nm, the conformation must have a large change. Once the hinge region of the kinesin section has been combined with 
the ATP, a conformational change can occur, assisting one head to adhere to the microtubule and the other head moving 
forward with ATP hydrolysis energy. But it is not clear that kinesin's mechanism of mechanics distance of 8 nm and the 
mechanism of the twist horn conformation change with ATP hydrolysis to release pyrophosphate are linked.
2.3.3 Myosin motor
Myosin II is a two linear motor that slides between the bones while the actin and myosin ﬁ laments inside the smooth 
muscle. At any one time, only one head sticks to actin. Each myosin head consists of a spherical motor domain with a 
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long lever arm domain. ATP hydrolysis leads to the conversion of chemical energy into mechanical energy to swing the 
lever arm. Early reports myosin average moving distance per slide is 1lnm. The resulting force is about 4 pN. However, 
the current study confirmed that skeletal muscle myosin movement distance of only 4nm, smooth muscle myosin 
moving distance of only 7nm. This 4-lirma distance per step is related to myosin work trip. The interval between the 
two consecutive myosin binding sites of the actin ﬁ lament I and II is 36rim, indicating that multiple myosin molecules 
must work together in order to achieve continuous movement along the actin, the actual eﬀ ect is muscle contraction and 
cell movement. But how much of an ATP hydrolysis involves a number of steps, how much of the myosin conformation 
changes, and how ATP is hydrolyzed and bound to actin is still unclear.
2.3. 4 ATP synthase
ATP synthase is the world's smallest motor protein, including a transmembrane component F0, constituting a proton 
channel; a soluble component, F1 and ATPase which contains catalytic sites. ATP synthase not only use ATP hydrolysis 
against electrochemical gradients to pump protons pass through bioﬁ lms, it can also use the energy from the proton 
gradient of the transmembrane (using ADP and pyrophosphoric acid) to synthesize ATpt4. Experiments show that when 
ATP is added, each ATP molecule can hydrolyze F1 by one ATPase. The ATP synthetase is accomplished by a B-domain 
conformational change in the Fl component.
Enzyme synthesis and hydrolysis cycle: changes in protein conformations are a key mechanism for generating 
mechanical torque using the free energy of ATP, or the use of proton motive force to generate torque to synthesize ATP.
2.3.5 DNA molecules that interact with proteins
Nano motors can also exist in the form of individual protein molecules that bind to DNA. For example, cell DNA 
polymerase, RNA polymerase and topoisomerase are involved in gene transcription, replication and DNA crimping of 
motor molecules. Some RNA polymerases synthesize RNA copies of chess DNA at a rate of more than 10 nucleotides 
per second. T7 DNA polymerase replicates DNA at a rate of more than 100 bases per second. So far, there are 8 types of 
DNA have interaction with proteins, which are the Na-Ribix, Zinc Finger, Beta-Rib, L-zip, Enzyme, Beta-Barrel, Helix-
Loop-Helix, HMGBox and BHLH-Z.
At present, the mechanism of DNA replication and transcription has been focused on the molecular mechanism of 
nano-mods. Opticaltweezer has been used to measure the interaction between motor molecules and DNA. For example, 
under saturated dNTP concentration conditions, A E.coli RNA polymerase can stop the transcription when the external 
force is 14-25 pN, and the transcription rate decreases with the increase of the force. Experiments show that T7 DNA 
polymerase is sensitive to DNA strand tension as it moves along a single stranded DNA template. DNA torsion forces 
seem to aﬀ ect the relaxation of DNA supercoils by topoisomerism. Mechanisms that elucidate the mechano-chemical 
transition of molecular motor molecules can be used for the measurement and manufacture of functional nanosystems.
2.4. Nucleic acid and protein materials
Nucleic acids include DNA and RNA. DNA is a double helix double chain with a diameter of 3.4 nm. DNA is 
the best material for building macromolecules. Because it is easy to synthesize, has a high degree of speciﬁ city and 
flexibility, so DNA base complementary pairing properties have been used to make 2-dimensional crystals, DNA 
computers and electronic circuit prototypes. DNA can not only form a double-stranded structure, but also can form 
a three, four, or even more advanced structure. DNA mechanics have 4 changes which included (1) entropy-elastic 
deformation; (2) insect-like chain; (3) peripheral crossover extension and (4) B-DNA to S-DNA phase. 
Diﬀ erent conformations of DNA molecules can be used for the design of DNA motors. For example, an artiﬁ cial 
DNA nanomotive uses a molecular internal structure and a molecular structure, through rapid transformation between 
the two conformations, so that the nano-motor can complete the extension of the insect with contraction movement. 
It’s simple and stable structure, convenient operation and high eﬃ  ciency, makes DNA nano-motor has the potential to 
provide power for the nano-device.
Proteins are natural materials for the preparation of nanometer machines. Protein builds a molecular machine that 
exists in large numbers in cells. Peptide molecules in the liquid through the self-organization program, it can form 
nano-level supramolecular structure, such as colloidal ions, vesicles, unidirectional membrane and microtubules. 
These self-organizing bodies can meet the needs of diﬀ erent nano-engineering materials. Based on the study on Protein 
Recognition and Binding Domain, it had revealed that the molecular structure of the protein with special chemical 
bonds can provide the selective recognition region of the target molecule. Because proteins are heterologous polymers 
of amino acids, proper pairing and positioning of chemical residues can produce artificial macromolecules with 
special recognition capabilities. By analyzing the binding proteins, scientists have succeeded in designing specific 
biomolecules that combine biomolecules with biomolecules. Among these materials, the motifs of the DNA branches 
are used as components for the joining and arrangement of the nanostructures. For example, a polymer with a peptide 
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as a raw material is designed using motifs that have been found. These peptides retain biological activity when linked 
to hydrophilic polymers. These peptides not only alter the mechanical properties of fibrin, but also provide a new 
mechanism for the formation of self-organizing networks.
2.5. Biological Nano Sensors
The biological system has some unique capabilities, such as controlling the crystal structure, the direction of the 
phase with the adjustment of the inorganic material nanostructures, identifying proteins that speciﬁ cally bind to the 
material, such as semiconductor wafers, semiconductors and magnetic nanoparticles, carbon nanotubes and conductive 
poly Taiwan. The inherent self-organization of biomolecules, high selectivity properties can be used to fabricate 
nanosensors. For example, in the special structure of the silicon polar surface generated by the charge, can simulate the 
biological ion channel. Diameter of 0.2-2nm, the length of the I-2m bio-ion channel has a high degree of ion selectivity; 
ion channel opening between the states can be quickly switched, and can be some ion suppression. Therefore, bio-ion 
channels in biosensors, molecular switches, molecular devices, nano-reactor, and so has a potential application value. 
Such as temperature-sensitive protein TlpA is a protein extracted from Salmonella typhi that is particularly sensitive 
to temperature changes and has a rapid denaturation cycle that can be used to produce devices based on temperature 
changes that can be used to detect temperature changes and signal transitions guide.
2.6. Biocompatibility Interface Materials
Many nanomaterials, such as nanoparticles, nanotubes, nucleic acids and nanosized peptides, have great clinical 
potential. A major problem with clinical use of nanomaterials is whether these materials can be accepted by the body's 
immune system. So far, we have little understanding of the interaction between nanomaterials and immune cells. 
As more and more nanotechnologies are made, it is becoming increasingly important to understand the interaction 
between nanomaterials and immune networks. It is reported that bioﬁ lms with 18ran diameter pores can protect the 
wrapped cells or tissues from immune responses [5]. This phenomenon has a potential guiding significance for the 
design and manufacture of special nanomaterials. Biocompatibility means a series of complex physical and chemical 
reactions that control the behavior of materials that are in contact with biological tissue, including the surface chemistry, 
morphological characteristics of biomaterials and the image of the absorbed pulp protein. Building a biocompatible 
surface is very important, and the methods are mainly soft ionization methods, such as pulsed plasma and hot ﬁ lament 
polymerization, using this method to obtain homogeneous polymer surfaces. Nano-materials with biocompatible 
surfaces can be used directly in the manufacture of clinical nanosensors and for tissue engineering materials. For 
example, hydrogel-based self-organizing peptides have unique nanomaterials and micrometers that have been used as 
tissue engineering scaﬀ olds. Biodegradable polylactic acid scaﬀ olds can be used as substitutes for bone. The honeycomb 
collagen structure is an excellent three-dimensional biodegradable material. A biodegradable polymer (such as a BMP2) 
delivery system has been used to promote bone formation.
3. Research Progress of Nanometer Materials
Biological nanomaterial science has shown an exciting prospect. The ultimate goal in this area is to produce 
functional biomaterials at the nanoscale level. Exploring biological nanomaterials can better understand the 
fundamental principles of the ﬁ eld of life sciences and materials science. These principles can be used to design and 
manufacture a variety of nano-devices. Bio-nanomaterials have a huge commercial market. Life science products in 
the world to create a monthly proﬁ t of $ 100 billion, according to the British Institute of Nanotechnology statistics, the 
current characteristics of nano-products accounted for only 1% of the total, with the rapid development of biological 
nanotechnology, the percentage is not far Of the future will be exponential growth [6]. Research and development of 
new products driving force is growing, biomedical innovation is more and more concentrated in the nano-technology 
and traditional technology aspects. In the near future, nano-devices will most likely change our lives.
In addition, magnetic nano-biomaterials in the ﬁ eld of biomedical have shown a unique advantage, with potential 
application prospects. At present, most of the research is still in the animal experimental stage, a large number of 
clinical trials to be proved. There are still many problems in the magnetic nano-materials which included (1) to enhance 
the control of magnetic nano-microspheres; (2) to enhance the magnetic properties of magnetic nano-microspheres; 
(3) reduce costs and simplify the production steps for large-scale clinical application; (4) further broaden the magnetic 
nano- biomedical ﬁ elds such as monoclonal antibodies, peptides, hormones and radionuclides for therapeutic use. The 
National Science Foundation and the US Environmental Protection Agency's research group had made the following 
recommendations for the safety evaluation of nanomaterials [56]: (a) Safety exposure assessment of industrial 
nanomaterials; (b) toxicology for the study of artiﬁ cial nanoparticles; (c) known toxicological data of particulate matter 
and fiber extrapolated nanomaterials; (d) environmental and biological migration, persistence and transformation of 
artiﬁ cial nanoparticles or nanomaterials; and € recycling of nanomaterials in eco-environmental systems.
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4. Conclusions
At present, some nano-materials have been widely used in wound dressings, dental adhesives, opaciﬁ ers, fuel cells, 
tires, clothing and electronics. Currently the public still have some concerns on the uses of nano-technology in daily 
life, so it is important to carefully examine and assess its impact on the environment and human health before the widely 
use of nanotechnology, by assessing the social and potential risks associated with nanotechnology. The application 
of nanomaterials opens up a huge opportunity and market for biomedical ﬁ elds, but once they are introduced into the 
body, the potential negative eﬀ ects on the human immune response are still poorly understood. So far, the toxicities 
associated with the clinical relevance of nanomaterials have never been reported, and it is too early to conclude the 
harm to nanomaterials. The unique physical and chemical properties of nanomaterials introduce new mechanisms of 
damage and whether new pathologies are introduced, such as inflammation, apoptosis, necrosis, fibrosis, excessive 
enlargement, tissue deformation and carcinogenesis. Future research priorities should include: (a) What are the 
diﬀ erences in the way in which the nanomaterials are transmitted in their daily lives, such as inhalation, mouth, skin 
absorption and intravenous injection, and the eﬀ ects of diﬀ erent exposure routes on the environment and human health; 
(b) What is the relationship between the structure and size of nanomaterials and their bio-toxicity, what parameters 
(quality, particle size, speciﬁ c surface area, surface reactivity), there is no doubt that nanotechnology will have a wide 
range of applications. Aspects will have far-reaching effects including environmental clean-up, water purification, 
cheap electricity and better disease treatment. The challenge now is that we lack some negative health eﬀ ects that may 
be exposed to diﬀ erent nanomaterials. Therefore, the development of nanotechnology industry needs to be carried out 
under the guidance of the government's security, including manufacturing, monitoring workers exposed dose, and the 
release of environmental NPs and risk assessment are to promote the development of nanotechnology and biological 
applications of the top priority.
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